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� Update ETOE-2 to process ENDF/B-VII data

– Completed processing of ENDF/B-VII.0 data for all major actinides, 

intermediate, and light isotopes

� Update MC2-2 to improve accuracy

– Ultra-fine-group spectrum calculation

• Consistent P1 multi-group calculation for the entire energy region 

• No continuous slowing-down calculation for resolved resonance region 

– Resolved resonance treatment for self-shielded UFG cross section 

generation

• Numerical integration of point-wise cross sections

• Eliminate the resonance tailing effects of the previous generalized 

resonance integral approach

• Eliminate the need to screen out wide resonances in ETOE-2

– Addition of anisotrpic inelastic scattering treatment 

• Anisotropic inelastic scattering transfer matrices produced with NJOY 

Improvements of ETOE-2/MC2-2
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New Procedure for Multigroup Cross Section Generation

Unresolved Resonance 

(Analytic integration)

Resolved Resonance 

(Analytic integration)

Ultra Fine Group Solver

(Multigroup for above resolved 

resonance energy (RRE),

continuous slowing-down for RRE 

and below) 

Hyper Fine Group Solver (RABANL)

(Required for ENDF/B-VII)

Collapse to Broad-group

Cross Sections

Screening out Wide Resonances

Unresolved Resonance 

(Analytic integration)

Resolved Resonance 

(Numerical Integration with pointwise 

cross sections)

Ultra Fine Group Solver

(Multigroup for entire energy range) 

Hyper Fine Group Solver (RABANL)

(Optional)

Collapse to Broad-group 

Cross Sections

No screening RequiredETOE-2

MC
2
-2

OLD NEW

Isotropic Inelastic Scattering Anisotropic Inelastic Scattering
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Reconstruction of Pointwise Cross Sections for 
Numerical Integration (ENDF/B-VII.0)
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Spectrum of U-238 and Hydrogen Mixture
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LANL Critical Assemblies

� Multiplication factors are in an excellent agreement within 0.15% ∆ρ

by taking into account the anisotropy of inelastic scattering
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ZPR-6 Assembly 6A

331000.99609 ±0.00036Core

-22170.33215 ±0.00048Axial Blanket

-59-200.33513 ±0.00043Radial Blanket

-311221.22482 ±0.00048Outer Core

71621.22945 ±0.00038Inner Core

MC2-2 

(NRI+MG)

∆k, pcm

MC2-2 

(RABANL+CSD)

∆k, pcm

VIMRegion
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ZPPR-15 Phase A  

x (width) 

y (height) 

z (length) 

Unit Cell
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ZPPR-15 Critical Experiments

� Three loading configurations of ZPPR-15 Phase A were analyzed

– Loading 15: initial criticality

– Loading 16: a reference configuration for sodium void worth measurement

– Loading 20: a configuration with an 18” sodium void in part of inner core

� Heterogeneous X-Y-Z Model

* Standard deviations of Experiment and VIM ≤≤≤≤ 0.00021

252171226Void Worth (pcm)

-10.99741-1110.997420.99853L20

-820.99489-560.995710.99627L16

-800.99905-610.999851.00046L15
ENDF/B-VII.0

324329226Void Worth (pcm)

-1010.99428-3240.995290.99853L20

-960.99104-4270.992000.99627L16

-1220.99525-3990.996471.00046L15

ENDF/B-V.2

∆∆∆∆k, pcmDIF3D∆∆∆∆k, pcmVIMExperimentConfigurationData

DIF3D - VIMVIM - Exp
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MC2-2/TWODANT vs. Monte Carlo Results
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Summary

� ETOE-2/MC2-2 were updated to process ENDF/B-VII.0 data

� MC2-2 has been upgrade for improved modeling

– Numerical integration of resolved resonances

– Consistent P1 multi-group calculation for the entire energy region

– Anisotropic inelastic scattering

� Verification and validation analyses of LANL critical assemblies and ZPR-6/6A, 

ZPPR-15, and ZPPR-21 experiments showed very good agreement with 

Monte Carlo solutions

� Future work

– Incorporation of anisotropic inelastic scattering treatment into MC2-2

– Generation of MC2-2 libraries using NJOY (?)

– Completion of rewriting MC2-2 for coupling with the UNIC code within the 

SHARP framework


